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SPECIFICATION 

FERRITE MAGNET POWDER, SINTERED MAGNET , BONDED MAGNET, AND 

MAGNETIC RECORDING MEDIUM 

Technical Field 

The present invention relates to a technique of improving 
the magnetic properties of hard ferrite materials, in 
particular, a W-type hexagonal ferrite magnet. 

Background Art 

A magnetoplumbite-type hexagonal ferrite including 
SrO-6Fe 2 0 3 as a representative example, that is, an M-type 
ferrite, has previously remained a mainstream of ferrite 
sintered magnets . With regard to such an M-type ferrite magnet, 
efforts have been made to achieve a higher performance thereof, 
centering on the purposes that the grain size of a ferrite 
crystal is brought close to that of a single domain, that ferrite 
grains are aligned in a magnetic anisotropic direction, and 
that a high-density sintered body is achieved. As a result 
of such efforts, the properties of an M-type ferrite magnet 
are close to its upper limit. Thus, it is difficult to make 
a dramatic improvement of magnetic properties under the present 
circumstances . 

W-type ferrite magnet has been known as a ferrite magnet, 
which possibly has magnetic properties that are far superior 
to those of the M-type ferrite magnet. W-type ferrite magnet 
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has a saturation magnetization (47ils) that is approximately 
10% higher than that of the M-type ferrite magnet, and has 
the same level of anisotropic magnetic field as that of the 
M-type f erritemagnet . National Publication of International 
Patent Application No. 2000-501893 discloses a W-type ferrite 
magnet consisting of a composition represented by the 
composition formula SrO-2 ( FeO) -n ( Fe 2 0 3 ) , wherein n is between 
7 . 2 and 7.7, and a sintered body thereof has a mean grain size 
of 2 jxmor less and (BH) max of 5 MGOe or more . The aforementioned 
publication also describes that this W-type ferrite magnet 
is produced by steps consisting of (1) mixing Sr0 3 and Fe 2 0 3 
at a certain molar ratio, (2) adding C to the raw material 
powders, (3) calcining the mixture, (4) adding CaO, Si0 2 , and 
C to the resultant product respectively after the calcination, 
(5) milling the mixture resulting in a mean particle size of 
0.06 |Lim or less, (6) compacting the obtained milled powders 
in a magnetic field, and (7) sintering the compacted body in 
a nonoxidative atmosphere. 

Japanese Patent Laid-Open No. 2001-85210 discloses that 
a sintered magnet is comprised of a composite material formed 
by mixing one or two types of magnetite phases with a W-type 
ferrite phase, so as to obtain a ferrite sintered magnet having 
magnetic properties that are superior to those of a 
conventional M-type ferrite. 

The aforementioned National Publication of International 
Patent Application No. 2000-501893 gives examples showing the 
achievement of a ferrite magnet having a saturation 
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magnetization 47tls of 5 . 0 kG . However, a f errite magnet having 
a higher saturation magnetization 47tls has still been required. 

On the other hand, the aforementioned Japanese Patent 
Laid-Open No. 2001-85210 gives examples showing the 
achievement of f errite magnets having a high residual magnetic 
flux density Br of 5.22 kG, 5.12 kG, or 5.06 kG. Japanese 
Patent Laid-Open No. 2001-85210 does not include any explicit 
descriptions regarding saturation magnetization 47tls. In 
general, residual magnetic flux density Br is calculated in 
accordance with the expression "residual magnetic flux density 
Br = saturation magnetization 4ttIs x magnetic orientation x 
density. " (It is to be noted that saturation magnetization 
4ttIs is calculated in accordance with the above expression 
in the present invention . ) Accordingly, based on a conversion 
from the value of the residual magnetic flux density Br 
described in Japanese Patent Laid-Open No. 2001-85210, it is 
assumed that a saturation magnetization 4tcIs of 5.44 kG or 
more was obtained in this publication. However, in Japanese 
Patent Laid-Open No . 2001-85210, such a high residual magnetic 
flux density Br was obtained in a mixed phase comprising a 
W-type ferrite phase and a magnetite phase (saturation 
magnetization 4tiIs = 6.0 kG) . Taking into consideration the 
fact that such a magnetite phase is a soft magnetic phase, 
the method described in Japanese Patent Laid-Open No. 
2001-85210 affects the squareness of a demagnetization curve 
in a BH curve. Squareness is also an important factor for 
magnets. Accordingly, even if a residual magnetic flux 
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density Br and a saturation magnetization 47tls are improved, 
it is considered that those having a low squareness are low 
in terms of magnetic properties that can actually be exerted. 

Thus, it is an object of the present invention to provide 
a hard ferrite material or the like, which exhibits a high 

saturation magnetization 4ttIs and a high residual magnetic 
flux density Br without impairing a squareness that is required 
for magnets. 

Disclosure of the Invention 

The present inventors have conducted various studies 
direct towards achieving the aforementioned object. The 
inventors have attempted to obtain a hard ferrite material, 
which exhibits a saturation magnetization 4ttIs and a residual 
magnetic flux density Br that are higher than those of 
conventional ferrite materials. As a result, the inventors 
have found that the partial substitution of the Fe 2+ site of 
a W-type ferrite with a specific element such as Zn within 
a certain range is extremely effective for obtaining a high 
saturation magnetization 47ils and a high residual magnetic 
flux density Br without impairing squareness . That is to say, 
the present invention relates to a ferrite magnet powder 
represented by the composition formula AFe 2+ a( i- X )M ax Fe 3+ b027, 
wherein A represents at least one element selected from the 
group consisting of Sr, Ba, and Pb; and M represents at least 
one element selected from the group consisting of Zn, Co, Mn, 
and Ni, characterized in that 0.05 < x < 0.80, 1.5 < a < 2.2, 
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and 12 < b < 17. In the ferrite magnet powder of the present 
invention, a crystal phase identified by X-ray diffraction 
comprises a W phase as a main phase. Herein, when the molar 
ratio of a W phase calculated from X-ray diffraction intensity 
is 50% or more in the present invention, it is determined that 
the W phase is a main phase. The ferrite magnet powder of 
the present invention enables the comprising of a W phase at 
a ratio of 90% or more, or also enables the comprising of a 
W phase as a single phase . It is to be noted that the comprising 
of a W phase as a single phase means that the molar ratio of 
the W phase is found to be almost 100%. 

In the above described composition formula, regarding 
x, 0.1 < x < 0.70 is preferable. In addition, regarding a, 
1.7 < a < 2.2 is preferable, and regarding b, 14 < b < 17 is 
desired . 

Moreover, in terms of magnetic properties, it is 
preferable to select Zn as the M. 

The ferrite magnet powder of the present invention has 
excellent properties such as a saturation magnetization of 
5.0 kG or more, and preferably 5.1 kG or more. 

Furthermore, the present invention provides a sintered 
magnet represented by the composition formula 
AFe 2+ a (i- X )MaxFe 3+ b027r wherein A represents at least one element 
selected from the group consisting of Sr, Ba, and Pb; and M 
represents at least one element selected from the group 
consisting of Zn, Co, Mn, and Ni, characterized in that 0.05 
< x < 0.80, 1.5 < a < 2.2, and 12 < b < 17. 
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Still further, the present invention provides a sintered 
magnet comprising, at a molar ratio of 50% or more, a W-type 
hexagonal f errite comprising an element A, wherein A represents 
at least one element selected from the group consisting of 
Sr, Ba, and Pb, Fe 2+ , and Fe 3+ , characterized in that the Fe 2+ 
site of the above described W-type hexagonal ferrite is 
partially substituted with an element M, wherein M represents 
at least one element selected from the group consisting of 
Zn, Co, Mn, and Ni . These sintered magnets exhibit excellent 
properties such as a saturation magnetization of 5.0 kG or 
more, and preferably 5.1 kG or more. 

The sintered magnet of the present invention has a 
saturation magnetization of 5.0 kG or more and a squareness 
of 80% or more. 

In addition, the sintered magnet of the present invention 
has a saturation magnetization of 5 . 0 kG or more and a residual 
magnetic flux density of 4.2 kG or more. 

In the sintered magnet of the present invention, the 
element M is preferably Zn. 

Moreover, in the sinteredmagnet of the present invention, 
the element A is preferably Sr, and it may also be possible 
to use Sr and Ba in combination. 

Furthermore, the present invention provides a bonded 
magnet characterized in that the bonded magnet comprises: a 
ferrite magnet powder represented by the composition formula 
AFe 2+ a <i-x)MaxFe 3+ b 0 2 7f wherein A represents at least one element 
selected from the group consisting of Sr, Ba, and Pb; and M 
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represents at least one element selected from the group 
consisting of Zn, Co, Mn, and Ni, and wherein 0.05 < x < 0.80, 
1 . 5 < a < 2 . 2 , and 12 < b < 17 ; and a resin phase that disperses 
and retains the above described ferrite magnetic power. 

Still further, the present invention provides a magnetic 
recording medium comprising a substrate and a magnetic layer 
formed on the above described substrate. The term "magnetic 
recording medium" is used herein to include a wide range of 
magnetic recording media. Examples of such a magnetic 
recording medium include thin film-type magnetic recording 
media such as amagnetic head or flexible disk, and coating-type 
magnetic recording media such as a magnetic tape. In the 
present invention, the above described magnetic layer has a 
ferrite structure represented by the composition formula 
AFe 2+ a(i-x>MaxFe 3+ b C>27, wherein A represents at least one element 
selected from the group consisting of Sr, Ba, and Pb; and M 
represents at least one element selected from the group 
consisting of Zn, Co, Mn, and Ni, and the above described 
composition formula is set in the range of 0.05 < x < 0.80, 
1.5 < a < 2.2, and 12 < b < 17. In the magnetic recording 
medium of the present invention, the above described magnetic 
layer has a saturation magnetization of 5.2 kG or more. 

In the magnetic recording medium of the present invention, 
it is preferable that Zn be selected as M, and the above described 
magnetic layer are set to have a saturation magnetization of 
5.2 kG or more and a residual magnetic flux density of 4.5 
kG or more. 
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Brief Description of the Drawings 

Figure 1 is a flow chart showing a production method of 
the sintered magnet of the present invention; 

Figure 2 is a table showing the compositions and magnetic 
properties of the sintered bodies obtained in Example 1; 

Figure 3 is a graph showing the relationship between a 
Zn substitution ratio and a saturation magnetization 47tls; 

Figure 4 is a graph showing the relationship between a 
Zn substitution ratio and a residual magnetic flux density 
Br; 

Figure 5A is a graph showing the results of X-ray 
diffraction obtained when x = 0; 

Figure 5B is a graph showing the results of X-ray 
diffraction obtained when x = 0.26; 

Figure 6A is a graph showing the results of X-ray 
diffraction obtained when x = 0.51; 

Figure 6B is a graph showing the results of X-ray 
diffraction obtained when x = 0.74; 

Figure 7 is a table showing the results of quantitative 
analysis that was performed on sample No. 1 and sample No. 
4 in accordance with the fluorescent X-ray quantitative 
analysis method; 

Figure 8A is a scanning electron micrograph showing the 
grain structure of sample No. 4; 

Figure 8B is a scanning electron micrograph showing the 
grain structure of sample No. 6; 
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Figure 8C is a scanning electron micrograph showing the 
grain structure of sample No. 8; 

Figure 9 is a table showing the compositions and magnetic 
properties of the sintered bodies obtained in Example 2; and 

Figure 10 is a table showing the compositions and magnetic 
properties of the sintered bodies obtained in Example 3. 

Best Mode for Carrying Out the Invention 

The ferrite magnet powder of the present invention will 
be described in detail below. 

W-type ferrite includes a Zn-W-type ferrite and a 
Fe-W-type ferrite. The Zn-W-type ferrite comprising Zn in 
the composition thereof exhibits a residual magnetic flux 
density Br that is higher than that of the Fe-W-type ferrite. 
In addition, since the Zn-W-type ferrite can be sintered in 
the ambient air, it is advantageous in terms of easy mass 
production. However, since the anisotropic magnetic field 
of the Zn-W-type ferrite is low, it is problematic in terms 
of low coercive force Hcj . In order to solve this problem 
thereby obtaining a W-type ferrite with high properties, the 
present invention proposes the partial substitution of the 
Fe 2+ site of a Fe-W-type ferrite comprising Fe 2+ in the 
composition thereof with element M such as Zn. By partially 
substituting the Fe 2+ site of a Fe-W-type ferrite with element 
M such as Zn, a novel W-type ferrite having high magnetic 
properties, and in particular, exhibiting a high saturation 
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magnetization 47ils and a high residual magnetic flux density 
Br can be obtained. 

In the present invention, when the molar ratio of a W 
phase is 50% or more, it is determined that the W phase is 
a main phase. From the viewpoint of magnetic properties, the 
molar ratio of the W phase is 90% or more, preferably 95% or 
more, more preferably 99% or more, and further more preferably 
almost 100% (single W phase) . The molar ratio in the present 
application is measured by mixing powder samples of W-type 
ferrite, M-type ferrite, hematite, and spinel at a certain 
ratio, and then calculating by the comparison of the X-ray 
diffraction intensities thereof (the molar ratio was measured 
in this manner also in examples given later) . 

The present inventors have conducted various studies in 
order to obtain magnetic properties that are higher than those 
of the conventional single W phase (or a W phase as a main 
phase) . As a result, the inventors have found that the partial 
substitution of the Fe 2+ site thereof with element M such as 
Zn is extremely effective, as shown in formula (1) indicated 
below. Such substitution enables the achievement of a W-type 
ferrite having both a high saturation magnetization 4tiIs and 
a high residual magnetic flux density Br, while keeping the 
W phase to be a single phase (or comprising the W phase as 
a main phase) . 

AFe 2+ a <i-x)MaxFe 3+ b 0 2 7 ... Formula (1) 

wherein, 0.05 < x < 0.80, 1.5 < a < 2.2, and 12 < b < 

17. 
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In addition, in the above formula (1) , A is at least one 
element selected from the group consisting of Sr, Ba, and Pb. 

At least one selected from the group consisting of Sr 
and Ba is preferable as A. In terms of magnetic properties, 
Sr is particularly preferable. Moreover, the combined use 
of Sr with Ba is effective for improving a residual magnetic 
flux density Br. It is to be noted that each of a(l-x) , ax, 
and b represents a molar ratio in the above formula (1) . 

Next, limitation reasons for x, a, and b in formula (1) 
will be described. 

The symbol x indicates the amount of element M such as 
Zn that substitutes for the Fe 2+ site. The range of x is 
determined to be 0.05 < x < 0.80. The partial substitution 
of the Fe 2+ site with element M such as Zn within the above 
range enables the improvement of a saturation magnetization 
47tls and a residual magnetic flux density Br. If x is less 
than 0.05, the effects obtained by the substitution are not 
sufficient. On the other hand, as the substitution amount 
increases, the saturation magnetization 4nls and the residual 
magnetic flux density Br are gradually improved. However, 
both the saturation magnetization 4ttIs and the residual 
magnetic flux density Br have their peak values when x is around 
0.5. If x exceeds 0.80, the residual magnetic flux density 
Br returns to almost the same value as that obtained before 
substitution with element M. Accordingly, the range of x is 
determined to be 0.05 < x < 0.80. The range of x is preferably 
0.10 < x < 0.70, and more preferably 0.30 < x < 0.70. 
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The symbol a also has effects on the amount of element 
M that substitutes for the Fe 2+ site, as with the aforementioned 
x. The range of a is determined to be 1.5 < a < 2.2. If a 
is less than 1.5, an M phase and a Fe 2 0 3 (hematite) phase, 
the saturation magnetization 4tcIs of which is lower than that 
of the W phase, are generated, thereby resulting in a decrease 
in the saturation magnetization 47ils. In contrast, if a 
exceeds 2.2, a spinel phase is generated, thereby resulting 
in a decrease in the coercive force Hcj . Accordingly, the 
range of a is determined to be 1.5 < a < 2.2. The range of 
a is preferably 1.7 < a < 2.2, more preferably 1.8 < a < 2.1, 
and further more preferably 1.9 < a < 2.1. 

The symbol b indicates the ratio of Fe 3+ . The range of 
b is determined to be 12 < b < 17. If b is less than 12, a 
spinel phase is generated, thereby resulting in a decrease 
in the coercive force Hcj. In contrast, if b exceeds 17, an 
M phase and a Fe 2 0 3 (hematite) phase are generated, thereby 
resulting in a decrease in the saturation magnetization 4ttIs. 
Accordingly, the range of b is determined to be 12 < b < 17. 
The range of b is preferably 14 < b < 17, more preferably 15 
< b < 17, and further more preferably 15.5 < b < 17. 

The composition of a f errite magnet powder can be measured 
by fluorescent X-ray quantitative analysis or the like. In 
addition, the comprising of elements other than element A (at 
least one element selected from the group consisting of Sr, 
Ba, and Pb) , Fe, and element M (at least one element selected 
from the group consisting of Zn, Co, Mn, andNi) is not excluded 
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from the present invention. Elements other than the 
aforementioned elements, such as Si or Ca, may also be 
comprised. 

The ferrite magnet powder of the present invention is 
described in detail above. The ferrite magnet powder of the 
present invention can be used as either a bonded magnet or 
a sintered magnet . Accordingly, the aforementioned ferrite 
magnet powder of the present invention includes all of forms 
such as a calcined powder, a powder obtained by milling after 
subjecting to calcining and sintering, and a powder heat 
treated after subjecting to calcining and milling. 

When the ferrite magnet powder of the present invention 
is used as a bonded magnet , the mean particle size is preferably 
set between 0.1 and 5 jam. The mean particle size of a powder 
used as a bonded magnet is more preferably between 0.1 and 
2 ^m, and further more preferably between 0.1 and 1 (am. On 
the other hand, when the ferrite magnet powder of the present 
invention is used as a sintered magnet, the mean particle size 
is preferably set between 0.1 and 2 |um. The mean particle 
size of a powder used as a sintered magnet is more preferably 
between 0.1 and 1 jam, and further more preferably between 0.1 
and 0.8 |im. The details will be described later, but when 
a sintered magnet is produced using the ferrite magnet powder 
of the present invention, a saturation magnetization 47ils of 
5.1 kG or more and a residual magnetic flux density Br of 4 . 5 
kG or more can be obtained. Thus, since the ferrite magnet 
powder of the present invention has a residual magnetic flux 
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density Br that is higher than those of the conventional magnet 
powders, the effects mentioned below can be obtained by the 
application of this ferrite magnet powder, thereby obtaining 
excellent products, generally. That is to say, when the 
ferrite magnet powder of the present invention is processed 
into the same form as those of the conventional ferrite products, 
a residual magnetic flux density Br generated from the magnet 
can be increased. Thus, when the ferrite magnet powder of 
the present invention is applied to a motor, the motor has 
a high torque, and if it is applied to a speaker or headphone, 
a sound quality with good linearity can be obtained by the 
reinforcement of a magnet circuit. Hence, the ferrite magnet 
powder of the present invention contributes to the technical 
advantages of such applied products. In addition, even in 
a case where only the same level of functions as those of the 
conventional products are required, the ferrite magnet powder 
of the present invention enables a reduction (thinning) in 
the size (thickness) of the magnet, thereby contributing to 
a reduction in size and weight (thinning) . 

Next, a method for producing the sintered magnet of the 
present invention will be explained using Figure 1. The 
production method of the sintered magnet of the present 
invention comprises a mixing step (step S101) , a calcining 
step (step S103), a pulverizing step (step S105), a milling 
step (step S107) , a compacting step in a magnetic field (step 
S109) , a heat treatment step (step Sill) , and a sintering step 
(step S113) . Since Fe 2+ is easily changed to Fe 3+ in the ambient 
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air, the heat treatment temperature, the sintering atmosphere, 
and the like are controlled in the production method of the 
sintered magnet of the present invention, so as to stably 
control Fe 2+ . Each of the above described steps will be 
described below. 
<Mixing step (step S101)> 

First, Fe 2 0 3 (hematite) powders and ZnO powders are 
prepared- When Sr is selected as element A in the present 
invention, SrC0 3 powders are also prepared . Thereafter, SrC0 3 
powders, Fe 2 0 3 (hematite) powders, and ZnO powders are weighed, 
such that the main composition becomes that as shown in the 
above described formula (1) . After completion of the weighing, 
these powders are mixed and crushed for 1 to 3 hours using 
a wet attritor, or the like. 
<Calcining step (step S103)> 

Subsequently, the mixed powder material obtained in the 
mixing step (step S101) was calcined at a temperature between 
1100°C and 1350°C. By performing such calcination in a 
nonoxidative atmosphere such as nitrogen gas or argon gas, 
Fe 3+ contained in Fe 2 0 3 (hematite) powders is reduced, and Fe 2+ 
constituting a W-type ferrite is thereby generated, so that 
such a W-type ferrite is constituted. However, if a sufficient 
amount of Fe 2+ were not obtained at this stage, an M phase 
or a hematite phase would exist together with the W phase. 
In order to obtain a ferrite consisting of a single W phase, 
the regulation of an oxygen partial pressure is effective. 
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This is because Fe 3+ is reduced, and Fe 2+ is thereby generated, 
when an oxygen partial pressure is decreased. 
<Pulverizing step (step S105)> 

A calcined body generally has a granular form. Thus, 
such a calcined body is preferably pulverized. In the 
pulverizing step (step S105) , using an agitation mill or the 
like, a calcined body is pulverized resulting in a mean particle 
size between 0.5 and 10 ^im. 
<Milling step (step S107)> 

Subsequently, in the milling step (step S107), the 
pulverized powders are subjected to wet or dry milling using 
such as an attritor, ball mill, or jet mill, resulting in a 
mean particle size of 1 or less, and preferably between 
0.1 and 0.8 jam. Addition of carbon powders having reduction 
effects at this stage is effective for allowing a W-type f errite 
to generate in a state that is close to a single phase (or 
a single phase itself) . It may also be possible to add powders 
such as CaC0 3 , Si0 2 , A1 2 0 3 , or Cr 2 0 3 , prior to the milling of 
the aforementioned pulverized powders, so as to improve the 
coercive force Hcj or adjust the grain size of the ferrite. 
<Compacting step in a Magnetic field (step S109)> 

After completion of the milling, wet or dry compacting 
is carried out. A wet compacting is preferable to increase 
magnetic orientation. Thus, the case of performing such wet 
compacting will be explained below. 

When wet compacting is adopted, slurry obtained by wet 
milling is concentrated, so as to prepare slurry used for wet 
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compacting. Such concentration may be carried out by such 
as centrifugal separator or filter pressing. During this 
process, ferrite magnet powders are preferably contained in 
the slurry used for wet compacting at a ratio between 30% and 
80% based on the weight of the slurry. Inaddition, surfactants 
such as gluconic acid (gluconate) or sorbitol are preferably 
added to water used as a dispersion medium. Thereafter, the 
slurry used for wet compacting is subjected to compacting in 
a magnetic field. A compacting pressure may be set between 
approximately 0.1 and 0.5 ton/cm 2 , and an applied magnetic 
field may be set between approximately 5 and 15 kOe . As a 
dispersion medium, not only water but also nonaqueous media 
may be used. When a nonaqueous dispersion medium is used, 
organic solvents such as toluene or xylene can be used. When 
toluene or xylene is used as a nonaqueous dispersion medium, 
surfactants such as oleic acid are preferably added. 
<Heat treatment step (step Slll)> 

In this step, a compacted body is subjected to a heat 
treatment. It is retained at a low temperature between 100°C 
and 450°C, and more preferably between 200°C and 350°C, for 
1 to 4 hours . By performing this heat treatment in the ambient 
air, Fe 2+ is partially oxidized and thereby converted into 
Fe 3+ . That is, in the present step, a reaction of converting 
Fe 2+ into Fe 3+ is allowed to progress to a certain extent, so 
as to regulate the amount of Fe 2+ to a given amount. Moreover, 
the aforementioned dispersion medium is removed in the present 
step . 
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<Sintering step (step S113)> 

In the sintering step (step S113) , a compacted body is 
sintered at a temperature between 1100°C and 1270°C, and more 
preferably between 1160°C and 1240°C, for 0 . 5 to 3 hours. Such 
sintering is carried out in a nonoxidative atmosphere for the 
same reason as mentioned in the calcining step (step S103) . 

By performing the aforementioned steps, the sintered 
magnet of the present invention can be obtained. The sintered 
magnet of the present invention that is characterized by the 
partial substitution of the Fe 2+ site thereof with element 
M such as Zn has a saturation magnetization 47ils of 5.0 kG 
or more, preferably 5.1 kG or more, and more preferably 5.2 
kG or more. Since a saturation magnetization 4ttIs is closely 
related to a residual magnetic flux density Br, with the 

improvement of the saturation magnetization 4ttIs, the residual 
magnetic flux density Br is also improved, such as Br of 4.5 
kG or more, preferably 4.6 kG or more, and more preferably 
4.7 kG or more. Moreover, by performing the aforementioned 
steps, a sintered magnet comprising a W phase as a main phase, 
or even as a single phase, can be obtained. 

A method for producing a sintered magnet is described 
in detail above . Using the fer rite magnet powder of the present 
invention, a bonded magnet with high magnetic properties can 
also be obtained . A method for producing such a bonded magnet 
will be described below. In the case of producing a bonded 
magnet also, the mixing step (step S101) , the calcining step 
(step S103) , the pulverizing step (step S105) , and the milling 
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step (stepS107) are carried out in the aforementioned manners . 
The thus obtained calcined body comprises a W phase as a main 
phase or a single phase. These ferrite magnet powders are 
then mixed and kneaded with various binders such as a resin, 
metal, or rubber. Thereafter, the obtained mixture is 
compacted in a magnetic or non-magnetic field. Preferred 
examples of a binder may include an NBR rubber, chlorinated 
polyethylene, and a polyamide resin. After completion of the 
compacting, a cure treatment is followed, so as to obtain a 
bonded magnet. In addition, the ferrite magnet powders are 
preferably subjected to a heat treatment before being mixed 
with a binder. 

The ferrite magnet powder, sintered body, and bonded 
magnet of the present invention are described in detail above. 
A bonded magnet and a sintered magnet that comprise the ferrite 
magnet powder of the present invention are processed in a 
certain form, and used in a broad range of purposes , as indicated 
below. For example, these magnets can be used as car motors 
for as a fuel pomp, a power window, ABS (antilock break system) , 
a fan, a wiper, a power steering, an active suspension, a starter, 
a door lock, an electric mirror , or the like. Moreover, these 
magnets can also be used as motors for office automation or 
audio-video equipment, which drive an FDD spindle, a VTR 
capstan, a VTR rotating head, a VTR reel, a VTR loading, a 
VTR camera capstan, a VTR camera rotating head, a VTR camera 
zoom, a VTR camera focus, a radio cassette capstan, a CD, LD 
or MD spindle, a CD, LD or MD loading, or a CD or LD light 
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pickup, or the like. Furthermore, these magnets can also be 
used as motors for household electrical appliances, which drive 
an air conditioner compressor, a refrigerator compressor, an 
electric tool, an electric fan, a microwave oven fan, a 
microwave oven plate, a mixer, a drier fan, a shaver, or an 
electric toothbrush, or the like. Still further, these 
magnets can also be used as motors for factory automation 
equipment, which drive a robot axis , a joint, a robot, a machine 
tool table, or a machine tool belt, or the like. For other 
purposes, these magnets can also preferably be used for a 
motorcycle generator, amagnet used for speakers or headphones, 
a magnetron tube, a magnetic field generator for MRI, a CD-ROM 
clamper, a sensor for distributors , a sensor for ABS, a fuel/oil 
level sensor, a magnet latch, or the like. 

The present invention also includes a magnetic recording 
medium having a magnetic layer . This magnetic layer comprises 
a W-type ferrite phase represented by the aforementioned 
formula (1) . Such a magnetic layer is formed by the evaporation 
method, the sputtering method, etc. When a magnetic layer 
is formed by the sputtering method, a sintered magnet having 
the composition represented by the aforementioned formula ( 1 ) 
can also be used as a target, for example. When a coating-type 
magnetic recording medium is produced, a ferrite magnet powder 
represented by the aforementioned formula (1) may be mixed 
and kneaded with a binder, so as to prepare a coating material, 
and a substrate made of a resin or the like may be coated with 
the obtained coating material, followed by curing, so as to 
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form a magnetic layer. Examples of amagnetic recording medium 
may include a magnetic head, a flexible disk, and a magnetic 
tape, or the like. 
(Examples) 

The present invention will be described further in detail 
in the following specific examples. 
[Example 1] 

An experimental example, in which Zn was selected as 
element M, will be given below as Example 1. 

The sintered magnet of the present invention was produced 
in accordance with the following procedures. 

Fe 2 0 3 powders (primary particle size: 0.3 fim) , SrCC>3 
powders (primary particle size : 2 jj,m) , and ZnO powders (primary 
particle size : 0.3 |um) were prepared as raw material powders . 
These raw material powders were weighed, resulting in given 
values . That is , each of the raw material powders was weighed, 
such that the composition of the finally obtained sintered 
magnet could be set within the range as shown in formula (1) . 
After completion of the weighing, these powders were mixed 
and crushed using a wet attritor for 2 hours. Subsequently, 
the crushed powders were dried, and the particle size thereof 
was then regulated. Thereafter, the powders were calcined 
in a nitrogen atmosphere at 1300 °C for 1 hour, so as to obtain 
a powdery calcined body. 220 g of the calcined body was 
pulverized with a dry agitation mill for 10 minutes, so as 
to obtain powders having a mean particle size of 1 |am. 
Thereafter, 0.6% by weight of Si0 2 powders (primary particle 
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size: 0.01 jam), 1.4% by weight of CaC0 3 powders (primary 
particle size: 1 |im) , and ( 0 . 75-x) /2 . 5% by weight of carbon 
powders (primary particle size: 0.05 |um) were added to 210 
g of the calcined body . The obtained mixture was then sub j ected 
to wet milling with a ball mill for 40 hours. It is to be 
noted that the amount of calcined powders contained in slurry 
was 33% by weight . After completion of the milling, the slurry 
was concentrated in a centrifugal separator, so as to prepare 
slurry used for wet compacting. This slurry used for wet 
compacting was then subjected to compacting in amagnetic field. 
The applied magnetic field (vertical magnetic field) was 12 
kOe (1000 kA/m) , and the compacted body had a cylindrical form 
with a diameter of 30 mm and a height of 15 mm. This compacted 
body was subjected to a heat treatment at 250°C for 3 hours 
in the ambient air. The resultant was then sintered in a 
nitrogen atmosphere at a temperature rising rate of 5°C/minute 
at the maximum temperature of 1200°C for 1 hour, so as to obtain 
8 types of sintered bodies having the composition represented 
by the formula SrFe 2+ a( i- x) Zn ax Fe 3+ b0 2 7 (the values of a, b, and 
x are shown in Figure 2) . The top and bottom surfaces of each 
of the obtained sintered bodies were processed. Thereafter, 
magnetic properties thereof were evaluated in the manner 
mentionedbelow, using a BH tracer of which the maximum magnetic 
field applied was 25 kOe . The results are shown in Figure 
2. The results obtained by the measurement of the saturation 
magnetization 4rcls and residual magnetic flux density Br are 
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shown in Figures 3 and 4, respectively. Figure 2 also shows 
density and magnetic orientation. 

Figures 2 and 3 show that the saturation magnetization 
4tcIs was improved, as the value of x, that is, the Zn substitution 
ratio increased. However, after x exceeded 0.5, the 
saturation magnetization 47tls gradually decreased. When x 
reached 0.74, the saturation magnetization 47ils returned to 
almost the same value as that obtained when x was 0.26. 
Accordingly, x is preferably set at 0.8 or less. 

Figure 4 shows that the residual magnetic flux density 
Br has the same tendency as the saturation magnetization 47ils 
with the exception that the peak value thereof is around 0.4. 

From these results, it was found that in order to improve 
the saturation magnetization 4ttIs and the residual magnetic 
flux density Br, it is effective that the value of x that 
indicates a Zn substitution ratio be set at 0.8 or less, and 
more preferably between 0 . 05 and 0.75. In addition, from the 
fact that when x was within the range between 0.1 and 0.7, 
a saturation magnetization 47tls of 5200 G (5.2 kG) or more 
and a residual magnetic flux density Br of 4600 G (4.6 kG) 
or more could be obtained, it was found that the value of x 
is further more preferably between 0.1 and 0.7. Moreover, 
taking into consideration the value of "squareness" shown in 
Figure 2, itwasalso found that even if the Fe 2+ site is partially 
substituted with Zn, a good squareness (90% or more) can be 
obtained. 
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Figures 5 and 6 show the results obtained by identifying 
the phase states of sample Nos. 1, 4, 6, and 8, using an X-ray 
diffraction device. The following conditions were applied 
to the X-ray diffraction: 

X-ray generator: 3 kW 

Tube voltage: 45 kV 

Tube current: 40 mA 

Sampling width: 0.02 deg 

Scanning speed: 4.00 deg/min 

Divergence slit: 1.00 deg 

Scattering slit: 1.00 deg 

Receiving slit: 0.30 mm 

From the X-ray diffraction shown in Figures 5 and 6, it 
was confirmed that samples Nos. 1, 4, 6, and 8 were all single 
W phases, that is, the molar ratio of the W phase was almost 
100%. In other words, it was confirmed that samples Nos. 4, 
6, and 8, in which the Fe 2+ site thereof had been partially 
substituted with Zn, could also maintain single W phases. As 
publicly known, since the W-type ferrite is a hard ferrite, 
a sintered body sample consisting of a single W phase naturally 
also has good squareness in terms of the BH curve. 

Figure 7 shows the results of quantitative analysis that 
was performed on sample No. 1 and sample No. 4 in accordance 
with the fluorescent X-ray quantitative analysis method. The 
figure shows the results of analyzing the amounts of Fe2C>3, 
SrO, and ZnO and determining the Fe 2+ amount by chemical analysis 
of Fe . The final composition of sample No. 4 was 
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SrFe 2+ 1 .47Zn 0 .5iFe 3+ i 6 . 2 O27/ wherein a = 1.98, b = 16.2, x = 0.26 
were applied to formula (1) . Taking into consideration the 
results of the X-ray diffraction showing a single W phase, 
it is considered that Zn was substituted for the Fe 2+ site. 
If Zn was not incorporated into a part of the Fe 2+ site, that 
is, if a part of the Fe 2+ site was not substituted with Zn, 
it would mean that hetero-phases other than the W phase are 
generated. 

Subsequently, the grain structure of each of sample Nos. 
4, 6, and 8 was observed using a scanning electron microscope. 
Figure 8 shows photomicrographs. Figures 8A, 8B, and 8C show 
the grain structures of the sintered bodies (sample Nos. 4, 
6, and 8), the Fe 2+ site of which was partially substituted 
with Zn, respectively. From Figures 8A, 8B, and 8C, it is 
found that fine and uniform structures having a mean grain 
size of 0.8 |im were obtained. 
[Example 2] 

Three types of sintered bodies (sample Nos. 9, 10, and 
11) having the composition represented by the formula 
AFe 2+ a(i-x)M ax Fe 3+ b 027, wherein the values of a, b, and x are shown 
in Figure 9, were produced under the same conditions as those 
applied in Example 1 with the following exceptions. 
Thereafter, the magnetic properties of the sintered bodies 
were evaluated under the same conditions as those applied in 
Example 1. The results are shown in Figure 9. 
<Sample No. 9> 
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The following types of additives and additive amounts 
were determined with respect to 210 g of the calcined body. 
Si0 2 powders (primary particle size: 0.01 (im) 

0.6% by weight 
CaC03 powders (primary particle size: 1 |um) 

0.7% by weight 

Sorbitol (primary particle size: 10 |im) 

1.2% by weight 
Carbon powders (primary particle size: 0.05 \im) 

0.25% by weight 
SrC0 3 powders (primary particle size: 2 urn) 

1.5% by weight 

<Sample No. 10> 

The following types of additives and additive amounts 
were determined with respect to 210 g of the calcined body. 
Si0 2 powders (primary particle size: 0.01 jam) 

0.6% by weight 
CaC0 3 powders (primary particle size: 1 jam) 

0.7% by weight 

Sorbitol (primary particle size: 10 jam) 

1.2% by weight 
Carbon powders (primary particle size: 0.05 ^im) 

0.25% by weight 
SrC0 3 powders (primary particle size: 2 jam) 

2.4% by weight 

<Sample No. 11> 
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Sr and Ba were selected as element A. Fe 2 0 3 powders 
(primary particle size: 0.3 ^m) , SrC0 3 powders (primary 
particle size : 2 fim) , and BaC0 3 powders (primary particle size : 
2 jim) were prepared as raw material powders . These raw material 
powders were weighed, and then mixed and crushed using a wet 
attritor for 2 hours, so as to obtain a calcined body under 
the same conditions as those applied in Example 1. 

Thereafter, the following types of additives and additive 
amounts were determined with respect to 210 g of the calcined 
body, and a sintered body having the composition represented 
by the formula AFe 2+ a<i-x)M a xFe 3+ b0 2 7 was produced in accordance 
with the same procedures as applied in Example 1. The ratio 
of Sr to Ba was indicated with Sr : Ba = 0 . 67 : 0.33 in the 
obtained sintered body. 

Si0 2 powders (primary particle size: 0.01 ^m) 

0.6% by weight 

CaC0 3 powders (primary particle size: 1 jam) 

0 . 35% by weight 

Sorbitol (primary particle size: 10 jam) 

1.2% by weight 

Carbon powders (primary particle size: 0.05 jim) 

0.25% by weight 
BaC0 3 powders (primary particle size: 2 jam) 

1.4% by weight 
SrC0 3 powders (primary particle size: 2 jam) 

0.7% by weight 
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As shown in Figure 9, all of sample Nos. 9 to 11 had a 
4;iIsof 5400G (5 . 4 kG) or more, a residual magnetic flux density 
Br of 4900 G (4.9 kG) or more, and a squareness of 90% or more . 
From these results, it was found that the addition of SrC0 3 
powders as well as sorbitol during the milling step is effective 
for obtaining high magnetic properties. 

In addition, from the comparison of the magnetic 
properties of sample No. 11, wherein Sr and Ba were selected 
as element A, with those of sample Nos. 9 and 10, wherein only 
Sr was selected as element A, it was confirmed that even when 
Ba is selected as element A, the same effects as those of Sr 
can be obtained. 

Moreover, the phase states of sample Nos. 9 to 11 were 
identified under the same conditions as those applied in 
Example 1. As a result, it was confirmed that the molar ratio 
of a W phase was between 70% and 100%. 
[Example 3] 

An experimental example, in which Co, Mn, and Ni were 
selected as element M, will be given below as Example 3. 

Five types of sintered bodies having the composition 
represented by the formula SrFe 2+ a(i- X )MaxFe 3+ b 0 2 7, wherein the 
values of a, b, and x are shown in Figure 10, were produced 
in accordance with the same procedures as those applied in 
Example 1. Thereafter, the magnetic properties of the 
sintered bodies were evaluated under the same conditions as 
those applied in Example 1. The results are shown in Figure 
10. Figure 10 also shows density and magnetic orientation. 
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As shown in Figure 10, even when the Fe 2+ site was partially 
substituted with any one of Co, Mn, and Ni, the sintered body 
had a 4kIs that was higher than sample No. 1 that had not been 
substituted, while exhibiting a good squareness of 90% or more . 

In addition, the phase states of sample Nos. 12 to 16 
were identified under the same conditions as those applied 
in Example 1. As a result, it was confirmed that the molar 
ratio of a W phase was between 70% and 100%. 

Industrial Applicability 

The present invention provides a hard ferrite material 
or the like, which has both a high saturation magnetization 
47ils and a high residual magnetic flux density Br, without 
impairing squareness that is required for magnets. 
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